Emergence delirium (ED) is defined as \"a cluster of disturbing behaviors that can occur in the early post-anesthetic period\" \[[@B1]\], and is a very common pediatric disturbance with an incidence ranging from 10% to 80% \[[@B2][@B3]\]. ED is characterized by non-purposeful restlessness, agitation, crying, disorientation, and paranoid ideation \[[@B1][@B2][@B3]\]. The Pediatric Anesthesia Emergence Delirium (PAED) scale, which scores ED based on eye contact, purposeful actions, awareness, restlessness, and consolability, has been validated to evaluate the incidence and severity of ED \[[@B3]\].

ED is a major cause of pediatric postoperative distress and can increase the workload of post-anesthesia care unit (PACU) staff members \[[@B1]\]. If pediatric patients show ED-like behaviors in the PACU, the staff will usually administer sedative or opioid agents to calm them \[[@B1][@B4]\]. However, many of the clinical symptoms of ED are similar to those of paradoxical midazolam reactions \[[@B2][@B5][@B6]\]. Therefore, flumazenil has also been used to treat postoperative ED associated with midazolam exposure \[[@B2]\]. In this case study, the patient experienced uncontrolled ED even after clinicians used classical treatments, such as sedative drugs, opioids, and flumazenil. The patient was finally calmed after administration of risperidone, an antipsychotic agent. Therefore, we suggest this alternative treatment option for uncontrolled ED after sedation.

Case Report
===========

A 6-year-old boy (26 kg/108 cm) was scheduled for a pre- and post-contrast magnetic resonance imaging (MRI) of the thorax. He had received chemotherapy followed by surgical resection for ganglioneuroblastoma in the left posterior mediastinum. He had made a complete recovery from the cancer in 2012. From 2012 to 2016, MRI was performed regularly due to a remnant nodule in the T6 vertebral body. He underwent MRI five times using midazolam 1--2 mg and propofol 100--300 mg (20--50 µg/kg/min), and no problems occurred during sedation. Vital signs before sedation were normal, and a 24-G intravenous catheter was inserted into the patient\'s right forearm. During the exam, blood pressure, electrocardiography, and oxygen saturation were measured and remained stable. Supplemental oxygen was administered via a face mask, 1.8 mg of midazolam and 20 mg of 2% lidocaine were injected, and anesthesia was maintained with propofol 100 µg/kg/min. No other medication was given. During the uneventful 58-minute MRI scan, 100 ml of IV lactated Ringer\'s solution and 210 mg of propofol were infused (100 µg/kg/min).

The patient was transported to the PACU, initially sleeping calmly with normal vital signs. An oxygen face mask was applied, and 5 L/min of oxygen was routinely administered. After 20 minutes, the patient awoke and attempted to remove the oxygen mask. He talked with his parents and made eye contact. However, 10 minutes after awakening, the patient attempted to leave the bed and to violently remove the monitors and the intravenous catheter. His parents gently restrained him because they were unable to communicate with him. He was very anxious, unresponsive to his parents\' attempts to console him, and restless. His heart rate increased to 141 beats/min and respiratory rate increased to 60 breaths/min. However, his oxygen saturation level remained 99% without the oxygen supply. His PAED score was 14 (makes eye contact with caregiver = 2, actions are purposeful = 1, aware of surroundings = 3, restless = 4, inconsolable = 4), corresponding to a diagnosis of ED. Another intravenous catheter was inserted, and flumazenil (0.1 mg) and propofol (20 mg) were administered intravenously, but the patient\'s restlessness remained. Meperidine 12.5 mg and propofol 10 mg were administered, and the patient was sedated. After 10 minutes, he awoke and again showed mild restlessness and hyperactivity. He said that he felt stifled in the PACU, and his oxygen saturation remained over 97%. Thus, we decided to remove the oxygen mask and allowed him to sit in a chair outside the PACU, and we contacted a psychiatrist. We continued talking with the patient, continuously checking his oxygen saturation levels. He became less hyperactive once he was outside the PACU, and after approximately 10 minutes, he was able to respond to verbal commands by nodding his head. However, he remained restless throughout his stay at the hospital, and his condition did not meet the post-MRI outpatient discharge criteria. Due to the patient\'s delirium, the psychiatrist examined him carefully, diagnosed him with pediatric ED, and prescribed risperidone (Rispedal®, Janssen Korea, Seoul, Korea) 0.5 mg by oral administration. The patient\'s restlessness disappeared 30 minutes after drug administration, and he was again able to engage in conversation. We closely monitored him in the PACU, and 40 minutes later, he was discharged home without any other symptoms of delirium.

Three months later, we conducted a telephone interview with the child and his mother. He had no history of migraines or other headaches, and no history of nightmares. He did not remember anything about his restlessness, agitation, crying, disorientation, and hyperactivity in the PACU. There is no specific family history related to anesthesia, delirium, or any other psychiatric disturbance.

Discussion
==========

Our patient had already received sedation for MRI examinations 11 times before without experiencing any side effects, including ED. However, this time he demonstrated ED, which did not respond to flumazenil, propofol, and meperidine. We consulted a psychiatrist, and the patient\'s symptoms were controlled with antipsychotic drugs approximately 60 minutes after he received midazolam and propofol ([Fig. 1](#F1){ref-type="fig"}).

The etiology of ED is still unknown but is thought to be multifactorial and to include postoperative pain and the pharmacokinetics and pharmacodynamics of anesthetic agents \[[@B4]\]. Many ED risk factors, such as the child\'s age, ethnicity, socioeconomic background, temperament, previous hospital experience, anxiety level, and the length and type of procedure, have been reported in previous studies \[[@B1][@B4][@B7][@B8][@B9]\]. However, the findings of those studies contradicted the results of others \[[@B4][@B9]\]. Our patient had very few ED risk factors; he had not undergone any painful ear, eye, or dental procedures and he did not have a previous history of ED or preoperative anxiety. He only had two risk factors: young age (6 years) and rapid onset of ED (10 minutes).

After the patient\'s diagnosis of ED, we tried to calm him, but he became violent and potentially could have hurt himself. Therefore, we attempted to manage him pharmacologically, first by administering 0.1 mg of flumazenil intravenously. Voepel-Lewis et al. \[[@B10]\] theorized that paradoxical benzodiazepine reactions could be an underlying factor contributing to the onset of ED. Flumazenil, a competitive antagonist at the benzodiazepine-binding site of the gamma-aminobutyric acid type A receptor, has been used to successfully treat postoperative ED associated with midazolam exposure \[[@B6][@B10]\]. In our case, we observed the patient for 5 minutes, but administration of flumazenil had no effect. After that, we used propofol 20 mg intravenously. Many articles have recommended intravenous boluses of sedative agents, such as midazolam 0.025--0.1 mg/kg or propofol 0.5--1.0 mg/kg, as a pharmacological \'rescue\' treatment for ED \[[@B4][@B9]\]. While we chose propofol, dexmedetomidine (0.3 mg/kg) has been recommended as a preventive treatment against ED and has been found to be more effective than propofol in recent research \[[@B11]\]. We did not use dexmedetomidine because we had already used two types of sedatives; moreover, it would take a long time for the dexmedetomidine to take effect after its infusion. Lastly, we administered meperidine 12.5 mg intravenously. Cravero et al. \[[@B12]\] reported that the addition of a small dose of fentanyl to sevoflurane anesthesia decreases the incidence of emergence agitation independent of the pain-control effects. Thus, opioids could help manage ED, even for non-painful procedures, even though the time required to meet the hospital discharge criteria was unchanged by the addition of this small dose of fentanyl in that research. Our patient fell asleep, but 10 minutes later, his hyperactivity returned. However, after the psychiatrist administered risperidone, the patient remained calm and became cooperative.

Antipsychotic drugs are not familiar to anesthesiologists. However, from a psychiatrist\'s point of view, children are thought to be more vulnerable to delirium because of immature and evolving structural and biochemical brain development \[[@B7][@B8]\]. Thus, psychiatrists have chosen neuroleptic drugs (haloperidol, risperidone) for first-line pharmacological treatment of delirium in children \[[@B7][@B8]\]. Clinical experience with haloperidol in pediatric delirium supports its beneficial effects, although that is based purely on uncontrolled case reports \[[@B8]\]. Risperidone is a strong antagonist of 5HT, D2, and adrenergic α1 and α2 receptors, is a mild histaminergic H1 antagonist, and has little effect at the cholinergic receptor sites \[[@B13]\]. It is available as an oral tablet and is comparable to IM haloperidol with and without concomitant lorazepam \[[@B14]\]. Its effect begins 30 to 60 minutes after administration and its half-life is 20--22 hours; once-daily dosing is sufficient \[[@B14]\]. Orthostatic hypotension is a common initial side effect, and extrapyramidal symptoms can occur in a dose-dependent manner. However, risperidone has lower rates of extrapyramidal symptoms and sedation than haloperidol \[[@B13]\]. Risperidone was used in this case study because compared to risperidone, haloperidol is associated more strongly with cardiac dysrhythmias, such as QT interval prolongation, and extrapyramidal side effects, such as dystonia, tardive dyskinesia, akathisia, and neuroleptic malignant syndrome \[[@B8][@B15]\]. These concerns, coupled with risperidone\'s fewer short-term side effects, have most likely contributed to prescribers\' preference for and increased use of risperidone in the treatment of children and adolescents in general. However, if a patient is not cooperative with oral medication administration and shows severe symptoms, intravenous haloperidol injection is recommended.

In conclusion, when ED is not controlled via classic treatments, such as the use of midazolam, propofol, and opioids, the administration of antipsychotic drugs, such as haloperidol and risperidone, should be considered for calming the patient.
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